Summary. Oestrone, oestradiol-17\g=b\ and oestriol were detected in the urine of menstruating and pregnant langur monkeys. More oestrone than the other two oestrogens was excreted during the cycle and oestradiol-17\g=b\ and oestriol could not be detected during the luteal phase. There was an increase in the amount of all the three oestrogens excreted during pregnancy when compared with the menstruating animals and oestriol was the major oestrogen excreted in the urine of pregnant langurs. Normal cyclic levels were reached 2 days after parturition. Most of the oestrogens (95 %) were conjugated with glucuronic acid and little with sulphuric acid or in any other form.
Introduction
The hormonal regulation of the menstrual cycle and pregnancy has been extensively studied in women and rhesus monkeys but information regarding other non-human primates is fragmentary. David & Ramaswami (1969) have studied langur monkeys in the laboratory and shown that the cycle length is 21-26 days (mode 22; 68 % of cycles), with ovulation occurring on Day 9. Gestation lasts for about 170 days and usually only 1, but sometimes 2, young are born.
Since the reproductive tract of langurs resembles the human tract more closely than that of the rhesus monkey (David & Ramaswami, 1971) , it seemed of interest to study oestrogen excretion during the menstrual cycle, pregnancy and after parturition in langurs for a better understanding of the hormonal metabolism in these animals.
Materials and Methods
Two menstruating and four pregnant (1 week before term) langur monkeys {Presbytis entellus entellus) were used. They were housed in metabolism cages and 24-hr urine specimens were collected from Day 1 of the menstrual cycle until the onset of the next menstruation, during the last week of pregnancy and for 5 days after parturition. No preservatives were added and the urine samples, after measurement and dilution with distilled water, were stored at -17°C until they were required for analysis.
Oestrogens were determined by the methods of Liskowski, Wolf, Chandler & Meyer (1970) with certain modifications, and of Brown (1955) . Three aliquots of urine were taken. The first two were for enzymatic hydrolysis, one with ß-glucuronidase (Menini & Norymberski, 1965) and the other with Helix pomada enzyme preparation containing both ß-glucuronidase and sulphatase (de La Torre, Johannisson & Diczfalusy, 1970) . This method was only followed with urine samples from pregnant monkeys. The third aliquot was hydrolysed with HC1 (Brown, 1955) . Urine samples (100 ml and 50 ml for non-pregnant and pregnant langurs, respectively) were adjusted to pH 5 with HC1 and incubated with enzyme for 24 hr at 38°C (Menini & Norymberski, 1965 Urine samples, known amounts of standards of oestrone, oestradiol-17ß and oestriol in distilled water, water blanks and urine samples to which known amounts of oestrogens were added were treated in a similar manner throughout the procedure.
After hydrolysis the urinary extracts were subjected to thin-layer chromatography using chloro¬ form : acetone (90:10 v/v) (Liskowski et al., 1970) , or 7 % ethanol in isopropyl ether or 20 % acetone in isopropyl ether (Touchstone, Murawec & Brual, 1968) as solvents. The oestrogens were identified by the procedures described by Waldi (1965) .
For the quantitative determinations of the individual oestrogens, the urinary extracts were sep¬ arated by column chromatography on Sephadex LH-20 by the method of Mikhail, Wu, Ferin & Vande Wiele (1970) . The final Kober colour was developed according to the method of Brown (1955) and the extinctions were read on a Beckman Spectrophotometer DU 2 at the wavelengths recommen¬ ded by Nocke (1961 ) . The optical density readings were corrected by applying Allen's formula (1950 During the menstrual cycle (Text- fig. 1 ), more oestrone was excreted than oestradiol-17ß or oestriol. The amounts of oestradiol-17ß and oestriol excreted during the luteal phase of the cycle were below the limits of our assay. The minimal sensitivity for estimation of the oestrogens in urine varied from animal to animal, but was about 1-5 µg/day for oestrone, 1-5 µg/day for oestradiol and 1 -0 ug/day for oestriol.
Maximum oestrogen excretion occurred on the 9th day of the cycle, when vaginal cornification was also maximal. Ovulation probably occurred on Day 9, since on Day 10 pregnanediol, detected by thin-layer chromatography, appeared in the urine and there was a drop in the vaginal temperature.
The change in oestrone levels from just after menstruation to the peak levels on Day 9 was signifi¬ cant (P < 0-01). Oestradiol-17ß and oestriol values also increased. Oestriol was the major oestrogen excreted in the urine of pregnant langurs (Table 1) , but levels of all three oestrogens were greater (oestrone, x8-8; oestradiol-17ß, 2·7; oestriol, x68-5) than in menstruating animals. After parturition, the levels of oestrogen started to decline and by 2 days after parturition they had reached normal levels. The oestrogens were mostly conjugated with glucuronic acid (95 %) and little with sulphuric acid or in any other form (Table 2) , and no free oestrogens were present in unhydrolysed urine samples. The final recoveries (mean ± S.E.M.) with acid hydrolysis were: oestrone, 80 ± 6-1 %, oestradiol-17ß, 83 ± 2-9% and oestriol, 86 ±3-5%.
Oestriol was confirmed to be the major oestrogen excreted near term by applying the separation methods described by Touchstone et al. (1968) .
Discussion
The above findings indicate that the langur, like women (Short & Eckstein, 1961) , rhesus monkeys (Dorfman & van Wagenen, 1941 ; Short & Eckstein, 1961 ; Laumas, 1965; Hopper & Tullner, 1967; Liskowski et al, 1970) , baboons (Merkatz & Beling, 1969; Townsley & Kling, 1970) , chimpanzees (Allen, Diddle & Elder, 1935; McArthur & Fitzgerald, 1970) and gorillas (Hopper, Tullner & Gray, 1968) , excretes oestrone, oestradiol-17ß and oestriol during the menstrual cycle and pregnancy, and that the oestrogen levels are higher during pregnancy.
Our observations on the langur are dissimilar to those reported by Laumas (1965) for rhesus monkeys in which oestriol was the major oestrogen excreted in non-pregnant animals. Our finding that oestrone was the major oestrogen during the proliferative phase of the cycle in the langur is in agreement with the report by Graham, Collins, Robinson & Preedy (1972) in chimpanzee. The lack of a definite luteal peak of oestrogen excretion in the langur is similar to the finding of Stevens, Sparkes & Powell (1970) in the baboon. The langur therefore resembles women, chimpanzees and gorillas in pregnancy and differs from rhesus monkeys and baboons.
The degree of conjugation (95 %) of the oestrogens studied with ß-glucuronic acid was similar to the situation in pregnant women and rhesus monkeys (Beling, 1963; Hopper & Tullner, 1967; Liskowski et al., 1970) . The fact that oestriol is the major urinary metabolite in the pregnant langur, as it is in women, is compatible with the concept that the oestriol is of fetal origin (Diczfalusy, 1964) .
It is apparent that the pattern of oestrogen excretion during pregnancy in the langur closely resembles that in women, though the actual quantity of oestriol excreted is much less. This study suggests, however, that the langur may be a suitable prospective model for the study of oestrogen synthesis during pregnancy.
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